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Description

TECHNICAL FIELD

[0001] The present invention relates generally to a re-
striction element trap for use with an actuation element
of an expandable reamer apparatus, and a method of
use thereof and, more particularly, to a trap sleeve in an
actuation sleeve for conditionally exposing hydraulic fluid
pressure to operational components of the expandable
reamer apparatus for enlarging a subterranean borehole
beneath a casing or liner.

BACKGROUND

[0002] Expandable reamers are typically employed for
enlarging subterranean borehole.
[0003] Conventionally in drilling oil, gas, and geother-
mal wells, casing is installed and cemented to prevent
the well bore walls from caving into the subterranean
borehole while providing requisite shoring for subse-
quent drilling operation to achieve greater depths. Casing
is also conventionally installed to isolate different forma-
tions, to prevent crossflow of formation fluids, and to en-
able control of formation fluids and pressure as the bore-
hole is drilled. To increase the depth of a previously drilled
borehole, new casing is laid within and extended below
the previous casing. While adding additional casing al-
lows a borehole to reach greater depths, it has the dis-
advantage of narrowing the borehole. Narrowing the
borehole restricts the diameter of any subsequent sec-
tions of the well because the drill bit and any further casing
must pass through the existing casing. As reductions in
the borehole diameter are undesirable because they limit
the production flow rate of oil and gas through the bore-
hole, it is often desirable to enlarge a subterranean bore-
hole to provide a larger borehole diameter for installing
additional casing beyond previously installed casing as
well as to enable better production flow rates of hydro-
carbons through the borehole.
A variety of approaches have been employed for enlarg-
ing a borehole diameter. One conventional approach, as
generally described in United States Patent number
7,036,611 entitled "Expandable reamer apparatus for en-
larging boreholes while drilling and methods of use," pro-
vides for displacing an actuation sleeve allowing hydrau-
lic fluid pressure to be directed at actuating laterally mov-
able blades for reaming a bore hole. The actuation sleeve
is releasably restrained within an inner bore of an ex-
pandable reamer apparatus by way of shear pins, inter-
locking members, frictional elements, or friable mem-
bers, and includes a fluid flow path through a sleeve seat.
The fluid flow path is interrupted when a restriction ele-
ment, such as a so-called "drop ball," is deployed upon
the sleeve seat allowing hydraulic fluid pressure to build
thereupon until the actuation sleeve is displaced. The
restriction element is retained within the sleeve seat by
gravity or while fluid pressure is maintained thereupon.

However, conventional reamer designs do not provide
positive retention of the restriction element.
[0004] A conventional gravel packing tool as generally
described in United States Patent number 6,702,020 en-
titled "Crossover Tool," provides a sleeve for trapping a
ball. The ball is dropped into the tool and lands on a thin
sleeve which acts as the initial ball seat. Upon pressure
buildup, the ball is forced past the thin sleeve and into
sealing contact with a seat of a second sleeve, which is
an extension of the thin sleeve and where both sleeves
are retained in the tool. A shear pin holds the second
sleeve in its initial position. A snap ring is mounted to the
second sleeve and it is able to snap out of its recess
allowing the second sleeve shifts as a result of applied
fluid pressure upon the ball on the seat and when the
fluid pressure is sufficient to shear the shear pins holding
the second sleeve in its initial position. As a result of this
movement, the internal diameter of the thin sleeve,
through which the ball has already been forced, is further
reduced as it is pulled through a reduced diameter of a
surrounding body and locks the ball into the seat. The
ball cannot be dislodged, particularly in the opposite di-
rection, until a predetermined pressure is exceeded. Un-
desirably, dynamic motion required by the thin sleeve
and the second sleeve in order to secure the ball only
occurs after sufficient fluid pressure has been applied for
shearing the shear pins and releasing the snap ring. Also,
a sleeve for trapping a ball of a conventional gravel pack-
ing tool is undesirable for use with a downhole tool that
includes an actuation sleeve, such as an expandable
reamer apparatus, particularly where the actuation
sleeve is selectively retained by fluid pressure and re-
lease of the actuation sleeve is desired only after the
restriction elements is secured.
[0005] Furthermore, the shock wave or pressure build-
up in order to secure the restriction element may likely
initiate premature releasing of an actuation sleeve, ren-
dering the captioning of the restriction element in an in-
determinate or unknown state and possible premature
tool activation.
[0006] US 2004/0108109 A1 describes a drop ball
catcher apparatus for use with downhole tools in oil well
drilling and installation operations. The drop ball catcher
apparatus is used to receive and stow a drop ball ejected
from a ball-actuated downhole tool. The drop ball catcher
apparatus may also be used as primary activation device
for a downhole tool. The drop ball catcher apparatus com-
prises a housing for connection with a ball-actuated
down-hole tool, a sliding sleeve arranged within the hous-
ing and a ball seat being moveable from a first position
where the seat engages the bottom end of the sliding
sleeve and prevents the sleeve from displacing axially
downward to a second position where the seat is out of
engagement with the sliding sleeve so that the sliding
sleeve may displace axially downward. A drop ball for
actuating the downhole tool and for moving the seat from
the first position to the second position is used.
[0007] Accordingly, it is an objective of the invention
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to improve the performance of an expandable reamer
apparatus, by providing positive and robust retention of
a restriction element. It is a further objective of the inven-
tion to provide determinate retention of a restriction ele-
ment within an actuation element, such as the traveling
sleeve of an expandable reamer apparatus. Moreover,
there is a desire to provide verifiable retention of a re-
striction element prior to dynamic release of an actuation
element. Lastly, there is a desire to provide positive re-
tention of a restriction element without necessitating dy-
namically moving parts.

DISCLOSURE OF THE INVENTION

[0008] At least one of the above objectives is met by
an expandable reamer apparatus for enlarging a bore-
hole in a subterranean formation as set forth in independ-
ent claim 1. Preferred embodiments are claimed in claims
2 to 11. The expandable reamer apparatus is configured
for positive retention of a restriction element with passive
components.
[0009] Further, a method of activating an expandable
reamer apparatus within a borehole of a subterranean
formation is provided. The method provides verifiable re-
tention of a restriction element within the expandable
reamer apparatus prior to dynamic release of a traveling
sleeve of the expandable reamer apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] While the specification concludes with claims
particularly pointing out and distinctly claiming that which
is regarded as the invention, various features and advan-
tages of this invention may be more readily ascertained
from the following description of the invention when read
in conjunction with the accompanying drawings, in which:

FIG. 1 is a side view of an expandable reamer ap-
paratus comprising a restriction element trap in ac-
cordance with an embodiment of the invention;
FIG. 2 shows a longitudinal cross-sectional view of
the expandable reamer apparatus shown in FIG. 1;
FIG. 3 shows an enlarged cross-sectional view of
another portion of the expandable reamer apparatus
shown in FIG. 2;
FIG. 4 shows an enlarged cross-sectional view of
yet another portion of the expandable reamer appa-
ratus shown in FIG. 2;
FIG. 5 shows an enlarged cross-sectional view of a
further portion of the expandable reamer apparatus
shown in FIG. 2;
FIG. 6 shows a cross-sectional view of a shear as-
sembly of an embodiment of the expandable reamer
apparatus;
FIG. 7 shows a partial, longitudinal cross-sectional
illustration of an embodiment of the expandable
reamer apparatus in a closed, or retraced, initial tool
position;

FIG. 8 shows a partial, longitudinal cross-sectional
illustration of the expandable reamer apparatus of
FIG. 7 in the initial tool position, receiving a ball in a
fluid path;
FIG. 9 shows a partial, longitudinal cross-sectional
illustration of the expandable reamer apparatus of
FIG. 7 in the initial position tool in which the ball
moves into a ball seat and is captured;
FIG. 10 shows a partial, longitudinal cross-sectional
illustration of the expandable reamer apparatus of
FIG. 7 in which a shear assembly is triggered as
pressure is accumulated and a traveling sleeve be-
gins to move down within the apparatus, leaving the
initial tool position; FIG. 11 shows a partial, longitu-
dinal cross-sectional illustration of the expandable
reamer apparatus of FIG. 7 in which the traveling
sleeve moves toward a lower, retained position while
a blade being urged by a push sleeve under the in-
fluence of fluid pressure moves toward an extended
position;
FIG. 12 shows a partial, longitudinal cross-sectional
illustration of the expandable reamer apparatus of
FIG. 7 in which the blades (one depicted) are held
in the fully extended position by the push sleeve un-
der the influence of fluid pressure and the traveling
sleeve moves into the retained position; and
FIG. 13 shows a partial, longitudinal cross-sectional
illustration of the expandable reamer apparatus of
FIG. 7 in which the blades (one depicted) are retract-
ed into a retracted position by a biasing spring when
the fluid pressure is dissipated.

MODE(S) FOR CARRYING OUT THE INVENTION

[0011] The illustrations presented herein are, in some
instances, not actual views of any particular expandable
reamer apparatus, restriction element trap in an actuation
element, or other feature of an expandable reamer ap-
paratus, but are merely idealized representations that
are employed to describe the present invention. Addi-
tionally, elements common between figures may retain
the same numerical designation.
[0012] An expandable reamer apparatus 100 compris-
ing a restriction element trap (reference numeral 200
shown in FIG. 2) according to an embodiment of the in-
vention is shown in FIG. 1. The expandable reamer ap-
paratus 100 may include a generally cylindrical tubular
tool body 108 having a longitudinal axis L8. The tubular
tool body 108 of the expandable reamer apparatus 100
may have a lower end 190 and an upper end 191. The
terms "lower" and "upper," as used herein with reference
to the ends 190, 191, refer to the typical positions of the
ends 190, 191 relative to one another when the expand-
able reamer apparatus 100 is positioned within a well
bore. The lower end 190 of the tubular tool body 108 of
the expandable reamer apparatus 100 may include a set
of threads (e.g., a threaded male pin member) for con-
necting the lower end 190 to another section of a drill
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string or another component of a bottom-hole assembly
(BHA), such as, for example, a drill collar or collars car-
rying a pilot drill bit for drilling a well bore. Similarly, the
upper end 191 of the tubular tool body 108 of the expand-
able reamer apparatus 100 may include a set of threads
(e.g., a threaded female box member) for connecting the
upper end 191 to another section of a drill string or an-
other component of a bottom-hole assembly (BHA).
[0013] Three sliding cutter blocks or blades 101 are
positionally retained in circumferentially spaced relation-
ship in the tubular tool body 108 as further described
below and may be provided at a position along the ex-
pandable reamer apparatus 100 intermediate the first
lower end 190 and the second upper end 191. The blades
101 may be comprised of steel, tungsten carbide, a par-
ticle-matrix composite material (e.g., hard particles dis-
persed throughout a metal matrix material), or other suit-
able materials as known in the art. The blades 101 are
retained in an initial, retracted position within the tubular
tool body 108 of the expandable reamer apparatus 100
as illustrated in FIG. 7, but may be moved responsive to
application of hydraulic pressure into the extended posi-
tion (shown in FIG. 12) and moved into a retracted posi-
tion (shown in FIG. 13) when desired, as will be described
herein. The expandable reamer apparatus 100 may be
configured such that the blades 101 engage the walls of
a subterranean formation surrounding a well bore in
which apparatus 100 is disposed to remove formation
material when the blades 101 are in the extended posi-
tion, but are not operable to so engage the walls of a
subterranean formation within a well bore when the
blades 101 are in the retracted position. While the ex-
pandable reamer apparatus 100 includes three blades
101, it is contemplated that one, two or more than three
blades may be utilized to advantage. Moreover, while the
blades 101 are symmetrically circumferentially posi-
tioned axial along the tubular tool body 108, the blades
may also be positioned circumferentially asymmetrically
as well as asymmetrically along the longitudinal axis L8
in the direction of either end 190 and 191.
[0014] As shown in FIG. 2, the tubular tool body 108
encloses a fluid passageway 192 that extends longitudi-
nally through the tubular tool body 108. The fluid pas-
sageway 192 directs fluid substantially through an inner
bore 151 of an actuation element, or traveling sleeve.
128 in bypassing relationship to substantially shield the
blades 101 from exposure to drilling fluid, particularly in
the lateral direction, or normal to the longitudinal axis L8.
Advantageously, the particulate-entrained fluid is less
likely to cause build-up or interfere with the operational
aspects of the expandable reamer apparatus 100 by
shielding the blades 101 from exposure with the fluid.
However, it is recognized that beneficial shielding of the
blades 101 is not necessary to the operation of the ex-
pandable reamer apparatus 100 where, as explained in
further detail below, the operation, i.e., extension from
the initial position, the extended position and the retract-
ed position, occurs by an axially directed force that is the

net effect of the fluid pressure and spring biases forces.
In this embodiment, the axially directed force directly ac-
tuates the blades 101 by axially influencing the actuating
means, such as a push sleeve 116 for example, and with-
out limitation, as better described herein below.
[0015] The expandable reamer apparatus 100 may be
configured such that the outermost radial or lateral extent
of each of the blades 101 is recessed within the tubular
tool body 108 when in the initial or retracted positions so
it may not extend beyond the greatest extent of outer
diameter of the tubular tool body 108. Such an arrange-
ment may protect the blades 101 as the expandable
reamer apparatus 100 is disposed within a casing of a
borehole, and may allow the expandable reamer appa-
ratus 100 to pass through such casing within a borehole.
In other embodiments, the outermost radial extent of the
blades 101 may coincide with or slightly extend beyond
the outer diameter of the tubular tool body 108. As illus-
trated in FIG. 12, the blades 101 may extend beyond the
outer diameter of the tubular tool body 108 when in the
extended position, to engage the walls of a borehole in
a reaming operation.
[0016] With continued reference to FIG. 2, reference
may also be made to FIGS. 3-5, which show enlarged
partial longitudinal cross-sectional views of various por-
tions of the expandable reamer apparatus 100. Refer-
ence may also be made back to FIG. 1 as desired. The
tubular tool body 108 positionally respectively retains
three sliding cutter blocks or blades 101 in three blade
tracks 148. The blades 101 each carry a plurality of cut-
ting elements 104 for engaging the material of a subter-
ranean formation defining the wall of an open bore hole
when the blades 101 are in an extended position (shown
in FIG. 12). The cutting elements 104 may be polycrys-
talline diamond compact (PDC) cutters or other cutting
elements known to a person of ordinary skill in the art.
[0017] The expandable reamer apparatus 100 in-
cludes a shear assembly 150 for retaining the expanda-
ble reamer apparatus 100 in the initial position by secur-
ing the traveling sleeve 128 toward the upper end 191
thereof. Reference may also be made to FIG. 6, showing
a partial view of the shear assembly 150. The shear as-
sembly 150 includes an uplock sleeve 124, some number
of shear screws 127 and the traveling sleeve 128. The
uplock sleeve 124 is retained within an inner bore 151 of
the tubular tool body 108 between a lip 152 and a retain-
ing ring 132 (shown in FIG. 5), and includes an O-ring
seal 135 to prevent fluid from flowing between the outer
bore 153 of the uplock sleeve 124 and the inner bore 151
of the tubular tool body 108. The uplock sleeve 124 in-
cludes shear slots 154 for retaining each of the shear
screws 127, where, in the current embodiment of the in-
vention, each shear screw 127 is threaded into a shear
port 155 of the traveling sleeve 128. The shear screws
127 hold the traveling sleeve 128 within the inner bore
156 of the uplock sleeve 124 to conditionally prevent the
traveling sleeve 128 from axially moving in a downhole
direction 157, i.e., toward the lower end 190 of the ex-
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pandable reamer apparatus 100. The uplock sleeve 124
includes an inner lip 158 to prevent the traveling sleeve
128 from moving in the uphole direction 159, i.e., toward
the upper end 191 of the expandable reamer apparatus
100. An O-ring seal 134 seals the traveling sleeve 128
between the inner bore 156 of the uplock sleeve 124.
When the shear screws 127 are sheared, the traveling
sleeve 128 is allowed to axially travel within the tubular
tool body 108 in the downhole direction 157. Advanta-
geously, the portions of the shear screws 127 when
sheared are retained within the uplock sleeve 124 and
the traveling sleeve 128 in order to prevent the portions
from becoming loose or being lodged in other compo-
nents when drilling the borehole. While shear screws 127
are shown, other shear elements may be used to advan-
tage, for example, without limitation, a shear rod, a shear
wire and a shear pin. Optionally, other shear elements
may include structure for positive retention within con-
stituent components after being exhausted, similar in
manner to the shear screws 127 of the current embodi-
ment of the invention. In this regard, the shear assembly
150 may releasably restrain the actuation sleeve within
the inner bore 156 of an expandable reamer apparatus
100 by way of shear pins, interlocking members, frictional
elements, or friable and frangible members.
[0018] With reference to FIG. 4, uplock sleeve 124 fur-
ther includes a collet 160 that axially retains a seal sleeve
126 between the inner bore 151 of the tubular tool body
108 and an outer bore 162 of the traveling sleeve 128.
The uplock sleeve 124 also includes one or more ears
163 and one or more ports 161 axially spaced there
around. When the traveling sleeve 128 positions a suffi-
cient axial distance in downhole direction 157, the one
or more ears 163 spring radially inward to lock the motion
of the traveling sleeve 128 between the ears 163 of the
uplock sleeve 124 and between a shock absorbing mem-
ber 125 mounted upon an upper end of the seal sleeve
126. Also, as the traveling sleeve 128 positions a suffi-
cient axial distance in the downhole direction 157, the
one or more ports 161 of the uplock sleeve 124 are fluidly
exposed allowing fluid to communicate with a nozzle in-
take port 164 from the fluid passageway 192. The shock
absorbing member 125 of the seal sleeve 126 provides
spring retention of the traveling sleeve 128 with the ears
of the uplock sleeve 124 and also mitigates impact shock
caused by the traveling sleeve 128 when its motion is
stopped by the seal sleeve 126.
[0019] Shock absorbing member 125 may comprise a
flexible or compliant material, such as, for instance, an
elastomer or other polymer. In one embodiment, shock
absorbing member 125 may comprise a nitrile rubber.
Utilizing a shock absorbing member 125 between the
traveling sleeve 128 and seal sleeve 126 may reduce or
prevent deformation of at least one of the traveling sleeve
128 and seal sleeve 126 that may otherwise occur due
to impact therebetween.
[0020] It should be noted that any sealing elements or
shock absorbing members disclosed herein that are in-

cluded within expandable reamer apparatus 100 may
comprise any suitable material as known in the art, such
as, for instance, a polymer or elastomer. Optionally, a
material comprising a sealing element may be selected
for relatively high temperature (e.g., about 204 deg C
(400 deg Fahrenheit) or greater) use. For instance, seals
may be comprised of Teflon(TM), polyetheretherketone
("PEEK(TM)") material, a polymer material, or an elas-
tomer, or may comprise a metal to metal seal suitable
for expected borehole conditions. Specifically, any seal-
ing element or shock absorbing member disclosed here-
in, such as shock absorbing member 125 and sealing
elements 134 and 135, discussed hereinabove, or seal-
ing elements, such as seal 136 discussed herein below,
or other sealing elements included by an expandable
reamer apparatus of the invention may comprise a ma-
terial configured for relatively high temperature use, as
well as for use in highly corrosive borehole environments.
[0021] The seal sleeve 126 includes an 0-ring seal 136
sealing it between the inner bore 151 of the tubular tool
body 108, and a T-seal seal 137 sealing it between the
outer bore 162 of the traveling sleeve 128, which com-
pletes fluid sealing between the traveling sleeve 128 and
the nozzle intake port 164. Furthermore, the seal sleeve
126 axially aligns, guides and supports the traveling
sleeve 128 within the tubular tool body 108. Moreover,
the seal sleeve seals 136 and 137 may also prevent hy-
draulic fluid from leaking from within the expandable
reamer apparatus 100 to outside the expandable reamer
apparatus 100 by way of the nozzle intake port 164 prior
to the traveling sleeve 128 being released from its initial
position.
[0022] A downhole end 165 of the traveling sleeve 128
(also see FIG. 3), which includes a seat stop sleeve 130,
is aligned, axially guided and supported by an annular
piston or lowlock sleeve 117. The lowlock sleeve 117 is
axially coupled to a push sleeve 115 that is cylindrically
retained between the traveling sleeve 128 and the inner
bore 151 of the tubular tool body 108. When the traveling
sleeve 128 is in the "ready" or initial position during drill-
ing, the hydraulic pressure may act on the push sleeve
115 concentric to the tool axis and upon the lowlock
sleeve 117 between the outer bore 162 of the traveling
sleeve 128 and the inner bore 151 of the tubular tool body
108. With or without hydraulic pressure when the expand-
able reamer apparatus 100 is in the initial position, the
push sleeve 115 is prevented from moving in the uphole
direction 159 by a lowlock assembly, i.e., one or more
dogs 166 of the lowlock sleeve 117.
[0023] The dogs 166 are positionally retained between
an annular groove 167 in the inner bore 151 of the tubular
tool body 108 and the seat stop sleeve 130. Each dog
166 of the lowlock sleeve 117 is a collet or locking dog
latch having an expandable detent 168 that may engage
the groove 167 of the tubular tool body 108 when com-
pressively engaged by the seat stop sleeve 130. The
dogs 166 hold the lowlock sleeve 117 in place and pre-
vent the push sleeve 115 from moving in the uphole di-
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rection 159 until the "end" or seat stop sleeve 130, with
its larger outer diameter 169, travels beyond the lowlock
sleeve 117 allowing the dogs 166 to retract axially inward
toward the smaller outer diameter 170 of the traveling
sleeve 128. When the dogs 166 retract axially inward
they may be disengaged from the groove 167 of the tu-
bular tool body 108, allowing the push sleeve 115 to be
subjected to hydraulic pressure primarily in the axial di-
rection, i.e., in the uphole direction 159.
[0024] Advantageously, the lowlock sleeve 117 sup-
ports the weight of the traveling sleeve 128, minimizing
the extent to which the shear assembly 150 is subjected
to forces that potentially could weaken or cause prema-
ture failure of the shear elements, i.e., the shear screws
127. Thus, the shear assembly 150 requires an affirma-
tive act, such as introducing a ball or other restriction
element into the expandable reamer apparatus 100 to
cause the pressure from hydraulic fluid flow to increase
as a restriction element is captured in the restriction el-
ement trap 200 of the invention, before the shear screws
127 will shear or the shear assembly 150 will release the
actuating, or traveling sleeve 128.
[0025] The restriction element trap 200 shown in FIGS.
2 and 3 is located in the downhole end 165 of the traveling
sleeve 128. It is recognized that the restriction element
trap 200 may be located in the mid or upper portion of
the actuation element, or traveling sleeve 128. The re-
striction element trap 200 includes within an inner bore
194 of the traveling sleeve 128 a ball trap sleeve 129 and
a tubular plug 131. An O-ring seal 139 may optionally be
included to provide an additional seal between the inner
bore 194 of the traveling sleeve 128 and the plug 131. A
restriction element in the form of a ball 147 (shown in
FIGS. 8-13) may be introduced into the expandable
reamer apparatus 100 in order to enable operation of the
expandable reamer apparatus 100 to initiate or "trigger"
the action of the shear assembly 150 upon or after the
restriction element is determinatively secured within the
restriction element trap 200. After the ball 147 is intro-
duced, fluid will carry the ball 147 into the restriction el-
ement trap 200 allowing the ball 147 to be retained by
an annular portion 197 of the ball trap sleeve 129 yielding
within an enlarged bore 196 of the inner bore 194 of the
traveling sleeve 128 and sealed there against the seat
portion 195 of the plug 131. Optionally, the ball 147 may
be retained within the inner bore of the plug 131 after
being lodged therein by hydraulic fluid pressure created
by the fluid flow. When the ball 147 occludes fluid flow
by being trapped in the ball trap sleeve 129, the fluid or
hydraulic pressure will build up within the expandable
reamer apparatus 100 until the shear screws 127 shear.
After the shear screws 127 shear, the traveling sleeve
128 along with the coaxially retained seat stop sleeve
130 will axially travel, under the influence of the hydraulic
pressure, in the downhole direction 157 until the traveling
sleeve 128 is again axially retained by the uplock sleeve
124 as described above or moves into a lower position.
Thereafter, the fluid flow may be re-established through

the fluid ports 173 in the traveling sleeve 128 above the
ball 147. Advantageously, the restriction element trap
200 provides simplified static parts, i.e., the ball trap
sleeve 129 and the plug 131, for robustly receiving and
retaining a restriction element.
[0026] It is to be recognized that the restriction ele-
ment, i.e., the ball 147, is sized and configured to engage
the restriction element trap 200 at seat portion 195 com-
plementarily sized and configured to substantially pre-
vent the flow of drilling fluid through the traveling sleeve
128 and to cause displacement of the traveling sleeve
128 within the expandable reamer apparatus to a position
that allows communication between drilling fluid within
the inner bore 151 and operational components, such as
the actuating structure of the push sleeve 115.
[0027] Optionally, the ball 147 used to activate the ex-
pandable reamer apparatus 100 may engage the ball
trap sleeve 129 and or the plug 131 of the restriction
element trap 200 that include malleable characteristics,
such that the ball 147 may swage therein as it seats in
order to prevent the ball 147 from moving around and
potentially causing problems or damage to the expand-
able reamer apparatus 100. In this regard, the ball trap
sleeve 129 and the plug 131 may be made from a resilient
malleable material, such as metal, elastomer, or other
material having a deformable quality suitable for reten-
tively receiving the ball 147 therein. In this embodiment,
the annular portion 197 of the ball trap sleeve 129 is a
thin- walled annular conduit made of relatively low yield-
strength metal suitable for deforming into the recess of
the enlarged bore 196 of the traveling sleeve 128 as the
ball 147 is received therein. Optionally, the plug 131 is
made of, or lined with, a resilient plastic material, such
as tetrafluoroethylene (TFE), being suitable for capturing
and stopping the ball 147 as it is trapped therein.
[0028] Also, in order to support the traveling sleeve
128 and mitigate vibration effects after the traveling
sleeve 128 is axially retained, the seat stop sleeve 130
and the downhole end 165 of the traveling sleeve 128
are retained in a stabilizer sleeve 122. Reference may
also be made to FIGS. 3 and 12. The stabilizer sleeve
122 is coupled to the inner bore 151 of the tubular tool
body 108 and retained between a retaining ring 133 and
a protect sleeve 121, which is held by an annular lip 171
in the inner bore 151 of the tubular tool body 108. The
retaining ring 133 is held within an annular groove 172
in the inner bore 151 of the tubular tool body 108. The
protect sleeve 121 provides protection from the erosive
nature of the hydraulic fluid to the tubular tool body 108
by allowing hydraulic fluid to flow through fluid ports 173
of the traveling sleeve 128, impinge upon the protect
sleeve 121 and past the stabilizer sleeve 122 when the
traveling sleeve 128 is retained therein.
[0029] After the traveling sleeve 128 travels sufficiently
far enough to allow the dogs 166 of the lowlock sleeve
117 to be disengaged from the groove 167 of the tubular
tool body 108, the dogs 166 of the lowlock sleeve 117
being connected to the push sleeve 115 may all move in
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the uphole direction 159. Reference may also be made
to FIGS. 3, 4 and 11. hi order for the push sleeve 115 to
move in the uphole direction 159, the differential pressure
between the inner bore 151 and the outer side 183 of the
tubular tool body 108 caused by the hydraulic fluid flow
must be sufficient to overcome the restoring force or bias
of a spring 116. The compression spring 116 that resists
the motion of the push sleeve 115 in the uphole direction
159, is retained on the outer surface 175 of the push
sleeve 115 between a ring 113 attached in a groove 174
of the tubular tool body 108 and the lowlock sleeve 117.
The push sleeve 115 may axially travel in the uphole
direction 159 under the influence of the hydraulic fluid,
but is restrained from moving beyond the top lip of the
ring 113 and beyond the protect sleeve 184 in the down-
hole direction 157. The push sleeve 115 may include a
T-seal seal 138 between the tubular tool body 108, a T-
seal seal 137 between the traveling sleeve 128, and a
wiper seal 141 between the traveling sleeve 128 and
push sleeve 115.
[0030] The push sleeve 115 includes at its uphole sec-
tion 176 a yoke 114 coupled thereto as shown in FIG. 4.
The yoke 114 includes three arms 177, each arm 177
being coupled to one of the blades 101 by a pinned link-
age 178. The arms 177 may include a shaped surface
suitable for expelling debris as the blades 101 are re-
tracted toward the retracted position. The shaped surface
of the arms 177, in conjunction with the adjacent wall of
the cavity of the tubular tool body 108, may provide in-
cluded angles of approximately 20 degrees, which is pref-
erable to dislodge and remove any packed-in shale, and
may further include low friction surface material to pre-
vent sticking by formation cuttings and other debris. The
pinned linkage 178 includes a linkage 118 coupling a
blade to the arm 177, where the linkage 118 is coupled
to the blade by a blade pin 119 and secured by a retaining
ring 142, and the linkage 118 is coupled to the arm 177
by a yoke pin 120 which is secured by a cotter pin 144.
The pinned linkage 178 allows the blades 101 to rota-
tionally transition about the arms 177 of the yoke 114,
particularly as the actuating means directly transitions
the blades 101 between the extended and retracted po-
sitions. Advantageously, the actuating mean, i.e., the
push sleeve 115, the yoke 114, and or the linkage 178,
directly retracts as well as extends the blades 101, where-
as conventional wisdom has directed the use of one part
for harnessing hydraulic pressure to force the blade lat-
erally outward and another part, such as a spring, to force
the blades inward.
[0031] In order that the blades 101 may transition be-
tween the extended and retracted positions, they are
each positionally coupled to one of the blade tracks 148
in the tubular tool body 108 as particularly shown in FIGS.
2 and 4. The blade track 148 includes a dovetailed
shaped groove 179 that axially extends along the tubular
tool body 108 on a slanted slope 180 having an acute
angle with respect to the longitudinal axis L8. Each of the
blades 101 include a dovetailed shaped rail (not shown)

that substantially matches the dovetailed shaped groove
179 of the blade track 148 in order to slideably secure
the blades 101 to the tubular tool body 108. When the
push sleeve 115 is moved under the influence of hydrau-
lic pressure, the blades 101 will be extended upward and
outward through a blade passage port 182 into the ex-
tended position ready for cutting the formation. The
blades 101 are pushed along the blade tracks 148 until
the forward motion is stopped by the tubular tool body
108 or the upper stabilizer block 105 being coupled to
the tubular tool body 108. In the upward-outward or fully
extended position, the blades 101 are positioned such
that the cutting elements 104 will enlarge a bore hole in
the subterranean formation by a prescribed amount.
When hydraulic pressure provided by drilling fluid flow
through expandable reamer apparatus 100 is released,
the spring 116 will urge the blades 101 via the push sleeve
115 and the pinned linkage 178 into the retracted posi-
tion. Should the assembly not readily retract via spring
force, when the tool is pulled up the borehole to a casing
shoe, the shoe may contact the blades 101 helping to
urge or force them down the tracks 148, allowing the
expandable reamer apparatus 100 to be retrieved from
the borehole. In this respect, the expandable reamer ap-
paratus 100 includes retraction assurance feature to fur-
ther assist in removing the expandable reamer apparatus
from a bore hole. The slope 180 of blade tracks 148 is
ten degrees, taken with respect to the longitudinal axis
L8 of the expandable reamer apparatus 100.
[0032] In addition to the upper stabilizer block 105, the
expandable reamer apparatus 100 also includes a mid
stabilizer block 106 and a lower stabilizer block 107. The
stabilizer blocks 105, 106, 107 help to center the expand-
able reamer apparatus 100 in the drill hole while being
run into position through a casing or liner string and also
while drilling and reaming the borehole. As mentioned
above, the upper stabilizer block 105 may be used to
stop or limit the forward motion of the blades 101, deter-
mining the extent to which the blades 101 may engage
a bore hole while drilling. The upper stabilizer block 105,
in addition to providing a back stop for limiting the lateral
extent of the blades, may provide for additional stability
when the blades 101 are retracted and the expandable
reamer apparatus 100 of a drill string is positioned within
a bore hole in an area where an expanded hole is not
desired while the drill string is rotating.
[0033] Also, the expandable reamer apparatus 100
may include tungsten carbide nozzles 110 as shown in
FIG. 9. The nozzles 110 are provided to cool and clean
the cutting elements 104 and clear debris from blades
101 during drilling. The nozzles 110 may include an O-
ring seal 140 between each nozzle 110 and the tubular
tool body 108 to provide a seal between the two compo-
nents. As shown, the nozzles 110 are configured to direct
drilling fluid towards the blades 101 in the down-hole di-
rection 157, but may be configured to direct fluid laterally
or in the uphole direction 159.
[0034] The expandable reaming apparatus 100 having
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a restriction element trap 200 is now described in terms
of its operational aspects. Reference may be made to
FIGS. 7-13, in particular, and optionally to FIGS. 1-6, as
desirable. The expandable reamer apparatus 100 may
be installed in a bottomhole assembly above a pilot bit
and, if included, above or below the measurement while
drilling (MWD) device. Before "triggering" the expandable
reamer apparatus 100, the expandable reamer appara-
tus 100 is maintained in an initial, retracted position as
shown in FIG. 7. For instance, the traveling sleeve 128
within the expandable reamer apparatus 100 isolates the
fluid flow path and prevents inadvertent extension of
blades 101, as previously described, or activation and
actuation of other operations components and is retained
by the shear assembly 150 with shear screws 127 se-
cured to the uplock sleeve 124 which is attached to the
tubular tool body 108. While the traveling sleeve 128 is
held in the initial position, the blade actuating means is
prevented from directly actuating the blades 101 whether
acted upon by biasing forces or hydraulic forces. The
traveling sleeve 128 has, on its lower end, an enlarged
end piece, the seat stop sleeve 130. This larger diameter
seat stop sleeve 130 holds the dogs 166 of the lowlock
sleeve 117 in a secured position, preventing the push
sleeve 115 from moving upward under affects of differ-
ential pressure and activating the blades 101. The latch
dogs 166 lock the latch or expandable detent 168 into a
groove 167 in the inner bore 151 of the tubular tool body
108. When it is desired to trigger the expandable reamer
apparatus 100, drilling fluid flow is momentarily ceased,
if required, and a ball 147, or other fluid restricting restric-
tion element, is dropped into the drill string and pumping
of drilling fluid resumed. The ball 147 moves in the down-
hole direction 157 under the influence of gravity and/or
the flow of the drilling fluid, as shown in FIG. 8. After a
short time the ball 147 reaches the restriction element
trap 200 and is forced therein by the influence of the
hydraulic fluid until the ball 147 is retained by an annular
portion 197 of the ball trap sleeve 129 yielding within the
enlarged bore 196 of the inner bore 194 of the traveling
sleeve 128 and sealed against the seat portion 195 of
the plug 131 as described herein and shown in FIG. 9.
The ball 147 upon being seated into the restriction ele-
ment trap 200 interrupts drilling fluid flow and causes
pressure to build above it in the drill string. As the pres-
sure builds, the ball may be pushed through a substantial
narrower portion of the ball trap sleeve 129 until being
positively located in its annular portion 197 correspond-
ing with the enlarged bore 196 in order to securely seat
the ball 147 into or against the plug 131.
[0035] Referring to FIG. 10, at a predetermined pres-
sure level, set by the number and individual shear
strengths of the shear screws 127 (made of brass or other
suitable material) installed initially in the expandable
reamer apparatus 100, the shear screws 127 will fail in
the shear assembly 150 and allow the traveling sleeve
128 to unseal and move downward. As the traveling
sleeve 128 with the larger end of the seat stop sleeve

130 moves downward, the latch dogs 166 of the lowlock
sleeve 117 are free to move inward toward the smaller
diameter of the traveling sleeve 128 and become free of
the tubular tool body 108.
[0036] Thereafter, as illustrated in FIG. 11, the lowlock
sleeve 117 is attached to the pressure-activated push
sleeve 115 which now moves upward under fluid pres-
sure influence as fluid is allowed to pass through the fluid
ports 173 as the traveling sleeve 128 moves downward.
As the fluid pressure is increased the biasing force of the
spring is overcome allowing the push sleeve 115 to move
in the uphole direction 159. The push sleeve 115 is at-
tached to the yoke 114 which is attached by pins and
linkage assembly 178 to the blades 101, which are now
moved upwardly by the push sleeve 115. In moving up-
ward, the blades 101 each follow a ramp or track 148 to
which they are mounted, via the groove 179 (shown in
FIG. 2), for example.
[0037] FIG. 12, the stroke of the blades 101 is stopped
in the fully extended position by upper hard faced pads
on the stabilizer block 105, for example. With the blades
101 in the extended position, reaming a bore hole may
commence.
[0038] As reaming takes place with the expandable
reamer apparatus 100, the lower and mid hard face pads
106, 107 help to stabilize the tubular tool body 108 as
the cutters 104 of the blades 101 ream a larger borehole
and the upper hard face pads 105 also help to stabilize
the top of the expandable reamer 100 when the blades
101, 102 and 103 are in the retracted position.
[0039] After the traveling sleeve 128 with the ball 147
moves downward, it comes to a stop with the flow bypass
or fluid ports 173 located above the ball 147 in the
traveling sleeve 128 exiting against the inside wall 184
of the hard faced protect sleeve 121, which helps to pre-
vent or minimize erosion damage from drilling fluid flow
impinging thereupon. The drilling fluid flow may then con-
tinue down the bottomhole assembly, and the upper end
of the traveling sleeve 128 becomes "trapped," i.e.,
locked, between the ears 163 of the uplock sleeve 124
and the shock absorbing member 125 of the seal sleeve
126 and the lower end of the traveling sleeve 128 is lat-
erally stabilized by the stabilizer sleeve 122.
[0040] When drilling fluid pressure is released, the
spring 116 will help drive the lowlock sleeve 117 and the
push sleeve 115 with the attached blades 101 back down-
wardly and inwardly substantially to their original or initial
position into the retracted position, see FIG. 13. However,
since the traveling sleeve 128 has moved to a downward
locked position, the larger diameter seat stop sleeve 130
will no longer hold the dogs 166 out and in the groove
167 and thus the latch or lowlock sleeve 117 stays un-
latched and subjected to pressure differentials for sub-
sequent operation or activation of the push sleeve 115
or other operational components of the expandable
reamer apparatus 100.
Whenever drilling fluid flow is re-established in the drill
pipe and through the expandable reamer apparatus 100,
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the push sleeve 115 with the yoke 114 and blades 101
may move upward with the blades 101 following the
ramps or tracks 148 to again cut/ream the prescribed
larger diameter in a bore hole. Whenever drilling fluid
flow is stopped, i.e. the differential pressure falls below
the restoring force of the spring 116, the blades 101 re-
tract, as described above, via the spring 116.
[0041] In aspects of the invention, the restriction ele-
ment trap 200 provides a positive and robust retention
of a restriction element 147 within a downhole tool such
as an expandable reamer apparatus 100. Furthermore,
the restriction element trap 200 provide for determinate
retention of a restriction element 147 within an actuation
element, such as the traveling sleeve 128, during or prior
to its release within the downhole tool. Moreover, the
restriction element trap 200 provides positive retention
of a restriction element 147 without necessitating dynam-
ically movable parts which is felt by some to potentially
cause premature actuation or render captioning of the
restriction element in an indeterminate or unknown state.
[0042] The expandable reamer apparatus 100 may in-
clude a lower saver sub 109 shown in FIGS. 1 and 2 that
connects to the lower box connection of the tubular tool
body 108. Allowing the body 108 to be a single piece
design, the saver sub 109 enables the connection be-
tween the two to be stronger (has higher makeup torque)
than a conventional two piece tool having an upper and
a lower connection. The saver sub 109, although is not
required, provides for more efficient connection to other
downhole equipment or tools.
[0043] The shear screws 127 of the shear assembly
150, retaining the traveling sleeve 128 and the uplock
sleeve 124 in the initial position, are used to provide or
create a trigger, releasing when pressure builds to a pre-
determined value. The predetermined value at which the
shear screws shear under drilling fluid pressure within
expandable reamer apparatus 100 may be 70 Kg/cm, for
example, or even 140 Kg/cm. It is recognized that the
pressure may range to a greater or lesser extent than
presented herein to trigger the expandable reamer ap-
paratus 100. Optionally, it is recognized that a greater
pressure at which the shear screws 127 shears may be
provided to allow the spring element 116 to be condition-
ally configured and biased to a greater extent in order to
further provide desired assurance of blade retraction up-
on release of hydraulic fluid. In this respect, the restriction
element trap 200 may retentively receive a restriction el-
ement, such as a ball 147, with a pressure substantially
less than pressure required for releasing the shear as-
sembly 150 while conditionally providing retention of the
restriction element to pressures greatly exceeding the
pressure required for releasing the shear assembly 150.
Furthermore, the restriction element trap 200 provides
for retaining a restriction element under reverse pressure
conditions. It is recognized the restriction element trap
200 may be configured for retentively receiving a restric-
tion element for differing hydraulic pressure require-
ments, and may be configured to have retention charac-

teristics chosen in relationship to a shear assembly 150
of an actuation element, such as a traveling sleeve 128.
[0044] In another aspect of the invention, the restriction
element trap 200 within an actuation element may reten-
tively receive a restriction element in order to cause ac-
tivation of the actuation element by hydraulic fluid pres-
sure in response to occlusion of a flow path therethrough,
allowing the actuation element to be displaced in an axial
downhole direction and thereafter exposing an opera-
tional component to a diverted hydraulic fluid in order to
actuate the operational component in an axial upward
direction, an axial downward direction, a laterally outward
direction or other direction. In this respect, the actuation
element may shield an operational component from hy-
draulic fluid pressure or premature operation until a re-
striction element is positively retained and the actuation
element has been displaced.
[0045] While particular embodiments of the invention
have been shown and described, numerous variations
and other embodiments will occur to those skilled in the
art. Accordingly, it is intended that the invention only be
limited in terms of the appended claims and their legal
equivalents.

Claims

1. An expandable reamer apparatus (100) for enlarging
a borehole in a subterranean formation, comprising:

a tubular tool body (108) having a longitudinal
axis and a tool bore;
a travelling sleeve (128) having a longitudinal
axis and an inner bore (194), the travelling
sleeve (128) being slidably positioned within the
tool bore of the tubular tool body (108) and con-
figured to selectively isolate an operable com-
ponent of the expandable reamer apparatus
(100) from exposure to drilling fluid within a drill-
ing fluid flow path (192) extending through the
inner bore (194) and the tool bore of the tubular
tool body (108); and
a restriction element trap (200), the restriction
element trap (200) comprising:

a ball trap sleeve (129) positioned within the
inner bore (194) of the travelling sleeve
(128) for receiving a downhole moving ball
(147) therein; and
a tubular plug (131) coaxially aligned with
and positioned adjacent to the ball trap
sleeve (129) within the inner bore (194) of
the travelling sleeve (128), the ball trap
sleeve (129) and the tubular plug (131) con-
figured for retentively receiving the ball
(147) to occlude the drilling fluid flow path
(192) .
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2. The expandable reamer apparatus (100) of claim 1,
further comprising a seal (139) positioned between
the inner bore (194) of the travelling sleeve (128)
and the tubular plug (131).

3. The expandable reamer apparatus (100) of claim 1,
wherein the inner bore (194) of the the travelling
sleeve (128) comprises an enlarged bore (196) lo-
cated proximate to portions of the ball trap sleeve
(129) and the tubular plug (131).

4. The expandable reamer apparatus (100) of claim 3,
wherein a portion of the ball trap sleeve (129) com-
prises a ductile material for allowing a portion of the
ball trap sleeve (131) to yield outwardly into the en-
larged bore (196) upon receiving the ball (147) there-
in.

5. The expandable reamer apparatus (100) of claim 1,
wherein the ball trap sleeve (129) comprises a thin-
walled metal conduit and at least a portion of the
tubular plug (131) comprises a cylindrical-shaped
tetrafluoroethylene component.

6. The expandable reamer apparatus (100) of claim 1,
wherein the ball trap sleeve (129) and the tubular
plug (131) are statically retained relative to the trav-
elling sleeve (128).

7. The expandable reamer apparatus (100) of claim 1,
wherein the ball trap sleeve (129) and the tubular
plug (131) are positioned in a downhole end (165)
of the travelling sleeve (128).

8. The expandable reamer apparatus (100) of claim 1,
wherein the operable component is located and con-
figured for operation responsive to exposure to drill-
ing fluid pressure within the flow path in response to
movement of the travelling sleeve (128).

9. The expandable reamer apparatus (100) of claim 8,
wherein the operable component comprises a noz-
zle for directing drilling fluid.

10. The expandable reamer apparatus (100) of claim 8,
wherein the operable component is a push sleeve
(115) disposed within the tool bore of the tubular tool
body (108) and configured to move axially respon-
sive to exposure to a pressure of drilling fluid passing
through the drilling fluid flow path (192).

11. The expandable reamer apparatus (100) of claim 10,
wherein the travelling sleeve (128) is axially retained
in an initial position within the tool bore of the tubular
tool body (128) by a shear assembly (150).

12. A method of activating an expandable reamer appa-
ratus (100) within a borehole of a subterranean for-

mation, comprising:

disposing the expandable reamer apparatus
(100) according to any one of claims 1 to 11
within the subterranean formation;
flowing drilling fluid through the expandable
reamer apparatus (100) via a flow path;
disposing a ball (147) into the drilling fluid;
receiving the ball (147) retentively in the restric-
tion element trap (200) of the expandable ream-
er apparatus (100), the ball (147) being carried
by flowing drilling fluid through the flow path to
occlude the flow path; and
releasing the travelling sleeve (128) of the ex-
pandable reamer apparatus (100) for movement
after occlusion of the fluid flow path (192).

13. The method of claim 12, wherein receiving the ball
(147) retentively in the restriction element trap (200)
of the expandable reamer apparatus (100) is effect-
ed at a drilling fluid pressure substantially lower than
a drilling fluid pressure required for releasing the
travelling sleeve (128).

Patentansprüche

1. Expandierbare Räumvorrichtung (100) zum Erwei-
tern eines Bohrlochs in einer unterirdischen Forma-
tion, umfassend:

einen röhrenförmigen Werkzeugkörper (108)
mit einer Längsachse und einer Werkzeugboh-
rung;
eine Laufhülse (128) mit einer Längsachse und
einer Innenbohrung (194), wobei die Laufhülse
(128) verschiebbar innerhalb der Werkzeug-
bohrung des röhrenförmigen Werkzeugkörpers
(108) positioniert ist und konfiguriert ist, um se-
lektiv eine betätigbare Komponente der expan-
dierbaren Räumvorrichtung (100) von der Ex-
position gegenüber Bohrfluid innerhalb eines
Bohrfluidströmungswegs (192), der sich durch
die Innenbohrung (194) und die Werkzeugboh-
rung des röhrenförmigen Werkzeugkörpers
(108) erstreckt, zu isolieren; und
eine Verengungselementfalle (200), wobei die
Verengungselementfalle (200) umfasst:

eine Kugelfallenhülse (129), die innerhalb
der Innenbohrung (194) der Laufhülse (128)
positioniert ist, um eine sich im Bohrloch be-
wegende Kugel (147) darin aufzunehmen;
und
einen röhrenförmigen Stopfen (131), der
koaxial mit der Kugelfallenhülse (129) aus-
gerichtet und angrenzend an diese inner-
halb der Innenbohrung (194) der Laufhülse
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(128) positioniert ist, wobei die Kugelfallen-
hülse (129) und der röhrenförmige Stopfen
(131) konfiguriert sind, um die Kugel (147)
haltend aufzunehmen, um den Bohrfluid-
strömungsweg (192) zu verschließen.

2. Expandierbare Räumvorrichtung (100) nach An-
spruch 1, ferner umfassend eine Dichtung (139), die
zwischen der Innenbohrung (194) der Laufhülse
(128) und dem röhrenförmigen Stopfen (131) posi-
tioniert ist.

3. Expandierbare Räumvorrichtung (100) nach An-
spruch 1, wobei die Innenbohrung (194) der Lauf-
hülse (128) eine vergrößerte Bohrung (196) umfasst,
die sich in der Nähe von Abschnitten der Kugelfal-
lenhülse (129) und des röhrenförmigen Stopfens
(131) befindet.

4. Expandierbare Räumvorrichtung (100) nach An-
spruch 3, wobei ein Abschnitt der Kugelfallenhülse
(129) ein duktiles Material umfasst, um zu ermögli-
chen, dass ein Abschnitt der Kugelfallenhülse (131)
nach außen in die vergrößerte Bohrung (196) nach-
gibt, wenn die Kugel (147) darin aufgenommen wird.

5. Expandierbare Räumvorrichtung (100) nach An-
spruch 1, wobei die Kugelfallenhülse (129) eine
dünnwandige Metallleitung umfasst und zumindest
ein Abschnitt des röhrenförmigen Stopfens (131) ei-
ne zylindrisch geformte Tetrafluorethylenkompo-
nente umfasst.

6. Expandierbare Räumvorrichtung (100) nach An-
spruch 1, wobei die Kugelfallenhülse (129) und der
röhrenförmige Stopfen (131) relativ zu der Laufhülse
(128) statisch gehalten werden.

7. Expandierbare Räumvorrichtung (100) nach An-
spruch 1, wobei die Kugelfallenhülse (129) und der
röhrenförmige Stopfen (131) in einem Bohrlochende
(165) der Laufhülse (128) positioniert sind.

8. Expandierbare Räumvorrichtung (100) nach An-
spruch 1, wobei die betätigbare Komponente für eine
Betätigung als Reaktion auf das Aussetzen gegen-
über Bohrfluiddruck innerhalb des Strömungswegs
als Reaktion auf eine Bewegung der Laufhülse (128)
angeordnet und konfiguriert ist.

9. Expandierbare Räumvorrichtung (100) nach An-
spruch 8, wobei die betätigbare Komponente eine
Düse zum Leiten von Bohrfluid umfasst.

10. Expandierbare Räumvorrichtung (100) nach An-
spruch 8, wobei die betätigbare Komponente eine
Schiebehülse (115) ist, die innerhalb der Werkzeug-
bohrung des röhrenförmigen Werkzeugkörpers

(108) angeordnet ist und konfiguriert ist, um sich als
Reaktion auf das Aussetzen gegenüber einem
Druck von Bohrfluid, das durch den Bohrfluidströ-
mungsweg (192) strömt, axial zu bewegen.

11. Expandierbare Räumvorrichtung (100) nach An-
spruch 10, wobei die Laufhülse (128) durch eine
Scheranordnung (150) axial in einer Ausgangsposi-
tion innerhalb der Werkzeugbohrung des röhrenför-
migen Werkzeugkörpers (128) gehalten wird.

12. Aktivierungsverfahren einer expandierbaren Räum-
vorrichtung (100) innerhalb eines Bohrlochs einer
unterirdischen Formation, umfassend:

Anordnen der expandierbaren Räumvorrich-
tung (100) nach einem der Ansprüche 1 bis 11
innerhalb der unterirdischen Formation;
Strömen von Bohrfluid durch die expandierbare
Räumvorrichtung (100) über einen Strömungs-
pfad;
Anordnen einer Kugel (147) in der Bohrflüssig-
keit;
haltendes Aufnehmen der Kugel (147) in der
Verengungselementfalle (200) der expandier-
baren Räumvorrichtung (100), wobei die Kugel
(147) durch Strömen von Bohrfluid durch den
Strömungspfad getragen wird, um den Strö-
mungspfad zu verschließen; und
Freigeben der Laufhülse (128) der expandier-
baren Räumvorrichtung (100) zur Bewegung
nach Verschluss des Fluidströmungspfads
(192).

13. Verfahren nach Anspruch 12, wobei das haltende
Aufnehmen der Kugel (147) in der Verengungsele-
mentfalle (200) der expandierbaren Räumvorrich-
tung (100) bei einem Bohrfluiddruck bewirkt wird, der
wesentlich niedriger ist als ein Bohrfluiddruck, der
zum Freigeben der Laufhülse (128) erforderlich ist.

Revendications

1. Appareil aléseur extensible (100) pour agrandir un
trou de forage dans une formation souterraine,
comprenant :

un corps d’outil tubulaire (108) présentant un
axe longitudinal et un alésage d’outil ;
un manchon mobile (128) présentant un axe lon-
gitudinal et un alésage interne (194), le man-
chon mobile (128) étant positionné de manière
coulissante à l’intérieur de l’alésage d’outil du
corps d’outil tubulaire (108) et configuré pour
isoler sélectivement un composant opérationnel
de l’appareil aléseur extensible (100) de l’expo-
sition au fluide de forage dans un chemin
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d’écoulement de fluide de forage (192) s’éten-
dant à travers l’alésage interne (194) et l’alésage
d’outil du corps d’outil tubulaire (108) ; et
un piège à éléments de restriction (200), le piège
à éléments de restriction (200) comprenant :

un manchon de piège à billes (129) posi-
tionné à l’intérieur de l’alésage interne (194)
du manchon mobile (128) pour recevoir une
bille mobile en fond de trou (147) à l’intérieur
de celui-ci ; et
un bouchon tubulaire (131) aligné de ma-
nière coaxiale avec et positionné adjacent
au manchon de piège à billes (129) à l’inté-
rieur de l’alésage interne (194) du manchon
mobile (128), le manchon de piège à billes
(129) et le bouchon tubulaire (131) étant
configurés pour recevoir de manière réver-
sible la bille (147) pour obstruer le chemin
d’écoulement de fluide de forage (192).

2. Appareil aléseur extensible (100) selon la revendi-
cation 1, comprenant en outre un joint (139) qui
s’étend entre l’alésage intérieur (194) du manchon
mobile (128) et le bouchon tubulaire (131).

3. Appareil aléseur extensible (100) selon la revendi-
cation 1, dans lequel l’alésage interne (194) du man-
chon mobile (128) comprend un alésage élargi (196)
situé à proximité des parties du manchon de piège
à billes (129) et du bouchon tubulaire (131).

4. Appareil aléseur extensible (100) selon la revendi-
cation 3, dans lequel une partie du manchon de piège
à billes (129) comprend un matériau ductile pour per-
mettre à une partie du manchon de piège à billes
(131) de s’écouler vers l’extérieur dans l’alésage
élargi (196) lors de la réception de la bille (147) à
l’intérieur.

5. Appareil aléseur extensible (100) selon la revendi-
cation 1, dans lequel le manchon de piège à billes
(129) comprend un conduit métallique à paroi mince
et au moins une partie du bouchon tubulaire (131)
comprend un composant de tétrafluoroéthylène de
forme cylindrique.

6. Appareil aléseur extensible (100) selon la revendi-
cation 1, dans lequel le manchon de piège à billes
(129) et le bouchon tubulaire (131) sont retenus de
manière statique par rapport au manchon mobile
(128).

7. Appareil aléseur extensible (100) selon la revendi-
cation 1, dans lequel le manchon de piège à billes
(129) et le bouchon tubulaire (131) sont positionnés
dans une extrémité de fond (165) du manchon mo-
bile (128).

8. Appareil aléseur extensible (100) selon la revendi-
cation 1, dans lequel le composant actionnable est
situé et configuré pour fonctionner en réponse à l’ex-
position à une pression de fluide de forage à l’inté-
rieur du trajet d’écoulement en réponse au mouve-
ment du manchon mobile (128).

9. Appareil aléseur extensible (100) selon la revendi-
cation 8, dans lequel le composant actionnable com-
prend une buse pour diriger le fluide de forage.

10. Dispositif aléseur extensible (100) selon la revendi-
cation 8, dans lequel le composant actionnable est
un manchon de poussée (115) disposé à l’intérieur
de l’alésage d’outil du corps d’outil tubulaire (108) et
configuré pour se déplacer axialement en réponse
à l’exposition à une pression de fluide de forage pas-
sant à travers le chemin d’écoulement de fluide de
forage (192).

11. Appareil aléseur extensible (100) selon la revendi-
cation 10, dans lequel le manchon mobile (128) est
retenu axialement dans une position initiale à l’inté-
rieur de l’alésage d’outil du corps d’outil tubulaire
(128) par un ensemble de cisaillement (150).

12. Procédé d’activation d’un appareil aléseur extensi-
ble (100) à l’intérieur d’un trou de forage d’une for-
mation souterraine, comprenant :

la disposition de l’appareil aléseur extensible
(100) selon l’une quelconque des revendica-
tions 1 à 11 dans la formation souterraine ;
l’écoulement de fluide de forage à travers l’ap-
pareil aléseur extensible (100) par l’intermédiai-
re d’un chemin d’écoulement ;
la disposition d’une bille (147) dans le fluide de
forage ;
la réception de la bille (147) en retenue dans le
piège à élément de restriction (200) de l’appareil
aléseur extensible (100), la bille (147) étant por-
tée par écoulement de fluide de forage à travers
le chemin d’écoulement pour obstruer le chemin
d’écoulement ; et
la libération du manchon mobile (128) de l’ap-
pareil aléseur extensible (100) pour un mouve-
ment après l’occlusion du chemin d’écoulement
de fluide (192).

13. Procédé selon la revendication 12, dans lequel la
réception de la bille (147) en retenue dans le piège
d’élément de restriction (200) de l’appareil aléseur
extensible (100) est effectuée à une pression de flui-
de de forage sensiblement inférieure à une pression
de fluide de forage requise pour libérer le manchon
mobile (128).
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